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ABSTRACT 
A series of 78 daily  forecast,s  using  differential  temperature  advection  and  moisture as a predictor of heavy 

rainfall  is  verified. The  evaluation  indicates  that  the  method  has  some  skill  in  detecting  winter  days  on  which  to 
expect  heavy  rain,  and  where  it will occur. A breakdown  by  amounts  shows that the  heavier  the  rainfall,  the  greater 
the  probability of its  occurrence  being  forecast  and  t,he  greater t,he accuracy  in  the  placement of the. rainfall  center. 

1. INTRODUCTION 

The problem of the prediction of heavy  precipitation is 
one of the  most difficult in  the science of meteorologJ-. 
It is at, the  same  time  one of vital  importance for river 
forecasting and flood control  operations.  As a part' of 
its  function,  the  Hydrometeorological  Section of the 
Division of Hydrologic  Services of the  Weather  Bureau 
has  made  several  approaches  to  the  problem,  one of which 
will be  appraised  here.  This  paper  reports  t'he  results of 
a  test of Gilman's [I]  concept of differential temperature 
advection  as a cause of vertical  motions  in the  atmos- 
phere  leading  to  heavy  rainfall if sufficient nloisture is 
present. 

2. THE TEST 
During  the  period from October 26, 1953, to March 1, 

1954, inclusive, a series of 78 daily  forecasts of h ~ a v v  
rainfall  was made  in  the Hydromet~eorological  Section. 
The  forecasts were made  Monday  through  Friday of each 
week except  for the period  December 24, 1953, to ,Jan- 
uary  3, 1954. 

A  detailed  account of the  method used in  arriving at  
t8he  forecast has been presented  by  Appleby [a].  Briefly, 
the  method consist,s of advecting  t'he  isotherms and dew- 
point  lines  on the 850-mb. chartf by means of forecast 
air trajectories.  A  grid  is  then  placed  over the  chart  and 
the  present  and  future  temperatures  read off. Tempcra- 
ture changes are  computed at   the grid  points.  The 
Laplacian of t,llese forecast  changes is calculat8cd and is 
defined as  the diflcrent,ial t,emperature  advcct'ion. Wllcn 
areas of forecast,  warm  differential t8cmperaturc atlvcct8iorl 
and  high  moisture  overlap,  heavy  rain is rxpectod. 

All of t,he  forecasts  wcre  made  from  the 0300 GMT 

850-mb. chart for the 6-hour  period, 1200-1800 OMT, t,he 
samc day.  The 0630 GMT surface map and  the 30-llour 

1 In cooperation with Corps of Engineers,  Department of Army. 

prognostic  surface map  (made  from 0630 GMT data), 
together  with a certain  amount of judgment, were used 
to  forecast  the  movement  and  to  some  extent  the change 
in shape of the 850-mb. features.  These 0630 GMT data 
were the  latest  used. 

Isolines of forecast  differential  advection of "4' C./S 
hour/"  latitude/'  latitude were drawn.  This  value was 
chosen on  the basis of some  preliminary  forecasts  during 
the early  fall of 1953. Minus 4' was  selected at   the begin- 
ning of this  test  and  maintained  throughout  the series. 
It may be noted  however, that  a value of "2' C. was 
used by Appleby [2]. Forecast  values of moisture of 10' C. 
and 12' C. dewpoint at   the 850-mb.  level  were both used 
and  the  results  summarized. 

3. ERRORS 

Errors  that  may  enter  into  the calculation of the fore- 
cast  paramcters can be classed as follows: 

( I )  Errors  in  the prognosis of: (a)  frontal positions, 
(b) change  in shape of systems  and  (c) change  in intensity 
of systems.  Generally,  errors of type (a) are  not  as serious 
as might  be  supposed.  This is because the winds are 
used to  move  the  isotherms  and  small  errors  in  the move- 
rncnts of t,he  system affect only a slight  displacement of 
the forecast  heavy  rain  area  and  usually  not  its existence. 
The errors of type  (b)  and (c) may  be  very serious. I t  is 
llerc that  the skill of the forecaster  can come into  play 
most efficaciously. 

(2) Errors  in  the short-cut  trajectory  method of moving 
thc isot,herms.  This  type  is  rather  hard  to assess, but 
some  preliminary  comparisons  with more, laborious 
rnet,hods of trajection show comparable  results. 

(3)  Errors  in  differential  advection  due  to  non-advective 
t,cmperature clmnges. This  error  was  most pernicious in 
regard to  the downwind  change in  the  temperature field 
aloft  caused by  the  formatioll of a rainfall  area a,fter the 



time of the  upper  air  observations  from which the forecast 
is made. 

(4) Errors  due  to  approximations used in t.hc computa- 
tion of the differential  advection. The differential  advec- 
tion is computed  as  an  average  over a 6-hour  period. 
While this is reasonable  in view of the  duration of heavy 
rains  (not  duration at  a  given  point  on the  earth's  surface), 
some heavy  rain cases of very  short  duration  may he 
missed by  the  averaging process. 

( 5 )  Errors  in  reported  upper  air  dat'a.  This  source of 
error is considered  small. 

(6) Errors in  analysis of the  upper  air  data.  For the 
most part t'his error is small  except  for  a  spatial inaclc- 
quacy  in  moisture  observat'ions. In  a few sit'uations largo 
errors could result unless judgment is exercised in analyz- 
ing the  moisture field by  taking  surface  data  into consitl- 
eration. 

4. VERIFICATION 

It was decided that  there was not enough  congruity 
between forecast  and  observed  areas  to  employ  elaborate 
areal  verification  techniques  for  judging  t'he  results of the 
method.  Accordingly, a simple  measure, t'lle distance 
bet8ween the observed and  forecast  areas, was used and the  
result,s  summarized  in a number of contingency  tables 
(fig. 1). To show how much  bett'cr t'llan  chance  t'he  forc- 
casts were, a  skill  score was computed for  each  tcst using 
the  marginal  totals as climatology. The skill SCOI'C meas- 
ures the scheme's  abilit'y t'o predict' the  occurrcncc or non- 
occurrence of a precipitat'ion  area of a spccifictl irlttmsity 
(or the  number of precipitation areas of a specified itltcn- 
sit,y  more  t'llan 100 miles apart' at'  their  pcripllcry) \vithilt 
the  United States  east of the Rockies, clxccpt the. Floritla 
peninsula,  for  a  given  6-hour priotl .  

While in general the shapes of the forecast areas of 
differential temperature  advection  and  the associated rain 
areas were not similar,  there is some  reason  to believe tllat 
a more careful and detailed  analysis would improve t l l ~  
correspondence. In  a test of t'hree historical  situations 
(not part of t'his  series) mado  with  great  care on a lnrgc 
scale map  the correspondence of position and shape of t l t ~  
forecast and  observed  rain  areas \vas very closc. 'I'n-o of 
these three  historical  cases  were  discussed  by  Appleby [.^I. 

For rainfall  verification  all  recording  rain gagc data  
appearing  in  climatological data for the United  Sta,tcs 
east of tlle Rocky hiountains were examined. For eacll 
forecast day all  significant  rainfall was plotted for t l w  
period 1200-1800 GMT and  isohyets  drawn for valurs of 
int'ervals of )i inch. 

On each day  that tlte  forecast was madc it) was noted 
whether the parameters  congruently  reached the following 
"critical" values: 2 10' c. and 2 12' c. 850-mb. den-- 
point  toget'her  with "4' C. differential  advection. If 110 

area was formed by  the  overlapping of tho  above  values 
the forecast' was for no  heavy  rainfall  (heavy  rainfall being 
defined as 1 in./6  llr.  and .75 in./6  hr.) in the  United  St'ates 
east of the  Rocky Mountains (except the  Florida  penin- 
sula). A heavy  rain "hit"  was  recorded  when a forecast, 

area and an observed area (of specified magnitude) ;oc- 
cured  within  the  United  Stat'es east of t'he  Rockies,  except 
t'hc Floridapeninsula, no matter d a t  the  distance between 
them.  This was done  in  order  to  avoid the use of an 
arbitrary criterion  for success or  failure of a forecast. In 
each  case  t'he  distance  between them was  measured from 
center  to  center. A summary of the distances is present,ed 
in histogram  form  with  each  contingency  table. 

I n  cases  where multiple  rain  or  forecast  areas were en- 
countered,  the following rules were observed: (1) 'When 
tlle edges of two  observed lleay- rain  areas were within 
100 miles of each  other at  their closest', they were  counted 
as a single combined area. ( 2 )  Two  heavy  rain forecast 
areas were treated as two separate  areas regardless of t'lle 
distance  between  them. (3) If two heavy  rain areas were 
forecast) and two observed,  each  forecast  area  was  paired 
with t h e  nearer  heavy  rain  area  and t'his distance was 
recorded. (4) If one rain  area was observed but two 
h a q -  rain  areas were forecast,  the  nearer  heavy  rain  area 
was paircd  with  the forecast area and the  other  area was 
counted as a "miss". The  same  rule was followed with 
two  observed heavy rain areas and one  forecast  area. 

The verification of rainfall  areas  and/or  forecasts  near 
the  coastline  presented a difficulty. It was decided that 
for  consistency the forecast  heavy  rain  areas would be 
ignored if they  occurred erlt'irely off the coast but if they 
occurred partly on and  partly off the coast  to use only 
that  part'  over  land. In  this way the observed a,nd fore- 
cast' areas are treated  equally,  although a slight bias 
toward  reducing the verification  score  results. This was 
tlcemcd fairer than  introducing a favorable  bias of un- 
know11 magnitude. 

In tllcsc cont,ingt>ncy  tables the no-lleavy-rain-forecast, 
nonc-observed box has only  one  ohservat'ion per day, 
w l d v  the other hoxcs on a few days  contain  more  than 
one per  day.  This  bias was not thought  to hc large enough 
to  seriously affect t'lte judgnlcnt of the  met~hod. 

5. EVALUATION 

A summar?- of results attained by the  method in t'he 
daily  scrics is givc.11 ill  figure I and  table 1. I t  would ap- 
pear  from t l l c  co~~tingency  tables (fig. I )  that' a positive, 
tllouglr not  high, skill  above cltance in  selecting those 
wintchr days on whicl~ to expect'  Ileavy rain, was  exhibited 
in all tlte  t'ests. Test  KO. 1 (differential temperature 
arlvcvtion I "4' C.;  dewpoint 2 10' C.;  6-hour  rainfall 
2 1.00 inch), which  forecast heavy  rain 37 t'imes when 
Ilcavy rain was observed 33, showed the highest  skill score 
AS well as tllc  best  balance.  These ralucs of the  param- 
ctcrs sl~ould he preferred  over the ot,lters  when the 
method is used. 

'Fhc median  distance that was missed  varied  from 140 
to 165 miles and prolmbly  does not  represent  a  significant 
difrcrence among  tlte  tests. 
'I'hc skill  s(-ores also show the met,llod works consider- 

ably  lwt,ter a t  forecasting  rains  over 1.00 inch than with 
rains over 0.75 inch. A further ext,ension of this effect 
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Test No. 1 

Forecast dew point at 850 mb. * 10°C. 
Forecast  differential  temp.  advection, 850 mb. C- -4°C. 

6-hour  rainfall (1200-1800 GMT) 2 1.00 in. 

Forecast 
No 

Heavy heavy  Total 
rain  rain 

,., Heavy rain 24 9 33 
!? SS = .51 r 

b No heavy r+in 13 50 63 P1 = 65 

Q Total 37  59 96 
p 2  = 73 

" 0-100 101- 201- 301- 401- 
200 300 400 500 

Dis tance  (Mi les)  

Test No. 2 

Forecast  differential  temp.  advection, 850 mb. f -4°C. 
Forecast dew point a t  850 mb. 12°C. 
6-hour rainfall (1200-1800 GMT) 2 1.00 in. 

Forecast 
No 

Heavy heavy Total 
rain  rain 

p Heavy rain  19 14 33 
e SS = .48 - 
b NO heavy rain 7 52  59 P 1 =  73 

0 Total 26  66  92 
.n P2 = 58 

12 l 4  : - 
al 
v) 

0 
0 

0 

Meon = 188 Mi. 
ln IO 

- 8  

z 6  
9 

5 4  
z 

2 

0 
0-100 101- 201-301-401- 501- 601- 

200 300 400 500 600 700 
D i s t a n c e   ( M i l e s )  

Test No. 3 

Forecast  differential  temp.  advection, 850 mb. -4'c. 
Forecast dew point at 850 mb. 5 10°C. 
6-hour rainfall (1200-1800 GMT) 2 0.75 in. 

Forecast 

Heavy  heavy Total 
No 

rain  rain 

Heavy rain 27 20 47 
SS = .41 5 No heavy rain 10 47 57 P 1 =  73 

6 Total  37 67 1 04 
P2 = 57 

200 300 400 I100 
D is tance   (M i les )  

Test No. 4 

Forecast  differential  temp.  advection, 850 mb. L -4°C 
Forecast dew point at 850 mb, 2 12°C. 
6-hour  rainfall (1200-1800 GMT) 2 0.75  in. 

Forecast 
No 

Heavy  heavy Total 
rain  rain 

Heavy rain 2 1  26 47 
E SS = .36 

Pa = 45 
2 No heavy rain 5 48 53 P1 = 81 

8 Total 26  74 100 

l 4  12 I 

0-100 101- 201- 301- 401- 501- 601- 
200  300 400 500 600 700 
Dis tance  (Mi les)  

FICURE 1.-Contingency  tables  for  heavy  rain  forecasts  and  histograms  +.honing  distances  in  miles betlveen forecast,  and  observed  heavy 
rain  areas  (shaded)  and  ~lutnher of cases when  llea,vy  rain  was forctast but ]lot observed ( M ,  hatched).  SS=skill  score,  PI=per- 
centage of h c a v -  rain  folecast that verified, Pz=pcrcr~l tagr  of olxerred  heavy rairlfa.lls that  were forecast. 
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FIGURE 2.-Dates and  locations of centers of successful heavy rain  forecasts  and  observed heavy rains, test  no. 1 only. 
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is seen in  the breakdown of rains  over 1.00 inch.  The 
highest  6-hour amount recorded during  the  test was 3.10 
inches on  December  3, 1953. There were 2 cases with 
observed amounts  above 3 inches, both of which were 
forecast.  Table 1 shows a breakdown of the observed 
heavy  rain  cases  into  rainfall  intensity categories. 

It would appear  from  this  breakdown  t,hat  the  heavier 
the  rainfall,  the  more skill the  method  has in  being  able 
to forecast it.  For example, test no. 1 (6-hour rainfall> 
1.00 inch) P,  has a value of 73 percent.  This  measure is 
57 percent  for  rains  between 1 and 2 inches but becomes 
91 percent  for  rains  over 2 inches. The average  distance 
missed also is less. ,4 similar trend was also found  in 
test  no. 2. 

No relationship  was  found  between the differential 
advection  alone as measured by  the  present  procedure 
and  the 1-2 inch  rains  as  differentiated  from those over 
2 inches. 

Another  way  to  demonstrate  the skill possessed by the 
method  was  to  plot  the  scatter of observed heavy  rain 
“hits”  (test  no. 1 only). It c,an be seen (fig. 2 )  that,  they 
are  fairly well distributed  from  the Texas-Oklahoma  region 
t,o New  England.  A  mechanical  forecast of heavy  rain- 
fall  was then  made using the centroid of the observed 
heavy  rainfall  centers.  A  histogram of the resulting  dis- 
tances  missed (fig. 3) may  be compared  directly to the. 
distances missed of test no. 1 (fig. 1). It can  be  noted 
that a marked decrease is attributable  to  the  method. 

6. SUMMARY 

The  method  reveals a certain skill in  detecting  those 
winter  days  on which to expect heavy  rain  and where it 
will occur. The heavier the rainfall, the  greater  the 
probability of its being  picked out  and  the  greater  the 
accuracy  in the placement of its  center. It must  be  the 
decision of the prospective  user,  howcver,  whether the 
manpower  required  to  make  the  forecast is balanced by 
the knowledge  gained. 

IO  I I 
v) 
Q, Mean = 445Mi. 
0 Median=462 11 

0-100 101- 201- 301- 401- 501- 601-701- 801- 
200 300 400 500 600 700 800 900 

Distance ( Mi les) 
FIGURE 3,”Histograrn of distances  between  centroid of observed 

heavy  rains  (used as a forecast)  and  locations of observed  heavy 
rain. 
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